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FOREWORD 
This report  has been prepared by the  Baltimore Division of the  
Martin Company, a Division of the  Martin Marietta Corporation and i s  
intended t o  s a t i s f y  the requirements of Paragraph 4.1 of the  Saturn V 
Hydrodynamic Support Zquipment Design Cr i t e r i a  (%A41OO401), except 
for  those development t e s t s  which a r e  p a r t  of the  Head t o  Head T e s t  
Report 
iii 
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I. AIR-TO-OIL IXI!ERFACE TEST 
a. S W ~ R Y  
Nuto 146 h3draulic o i l  was tested t o  determine i t s  foaming character- 
i s t i c s  resul t ing from sudden a i r  degassing of t he  o i l .  The r e s u l t s  of 
the  t e s t  show t h a t  the  amount of a i r  which w i l l  60 i n t o  solution with 
Nuto 146 under high pressure is  small. Foaming as a result  of sudden de- 
crease i n  pressure was found t o  be small and w i l l  not adversely e f f ec t  
t h e  operation of the  Saturn V Hydrodynamic Support. 
The non-gas absorbin& nonfoaning qua l i t i e s  o f t h i s  o i l  are a t t r i bu ted  
t o  the  addition of foam depressing sil icones.  
air  absorption, speed the  degassing process, and reduce foaming by reducing 
The s i l icones  reduce the  C -7 
the  surface tension of the o i l .  j & h L  +t5-+@ 
B. TEST PROCEDURE AlS9 RESULTS 
A. transparent cylinder was p a r t i a l l y  f i l l e d  with Nuto 145 hylraulic 
o i l .  
t o  2600 psig using a i r .  The cylinder was then sealed off and allowed t o  
stand f o r  90 hr. under room ambient conditions. There was no measurable 
The volume of the  cylinder above the  l eve l  of the  o i l  was charged 
change i n  a i r  pressure throughout the  90 hr. period. A t  t he  end of the 
90 hr. period, the cylinder was back-lighted and photographed (Fig. 1). 
The gas pressure was then suddently released by opening a shutoff valve 
on the  gas side of the cylinder. The back-lighted c j l i ndc r  was then 
photographed a t  1.5 sec, 2 min. and 7 min. after the  pressure was reduced 
(Figs. 2, 3 and 4, respectively). 
Fif teen seconds after sudden release of a i r  pressure, a t h i n  layer of 
foam formed on t h e  free surface of the  o i l .  After 2 min a t  atmospheric 
pressure the  layer  of foam had dissipated, leaving only scattered, random 
ER 14037 
2 
s ize  surface bubbles. The number of surface bubbles was l e s s  a f t e r  7 min 
than a t  2 min. 
Examination of the number and s i ze  of the bubbles immersed i n  the  o i l  
indicates t h a t  the r a t e  of degassing of the o i l  i s  s igni f icant ly  l e s s  
a f t e r  7 min. 
a reasonably high rate. 
This observation is taken t o  mean tha t  t he  o i l  degasses a t  

4 
1-5 Seconds A f t e r  Pressure Release 
-~~ ~ ~ _ _ _ _ _  ~ 
Fig. 2. 
5 
2 Minutes A f t e r  Pressure Release Fig. 3.  
6 
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11. FUW COhTROL VALVE DEVELOFNWT TESTS AND 
NODIFICIZT IONS 
A. S W R Y  
1. Variable Flow Control Valves FCV-1 and FCV-2 (Martin Co. 
No. 88A4100649-001, Denison No. FC12-23-104) 
S t a t i c  constant flow charac te r i s t ics  of Variable Flow Control Valves 
FCV-1 and FCV-2 were measured a t  several  flow se t t i ngs  and f l u i d  tempera- 
tures .  Flow was found t o  decrease with increasing pressure drop across 
the  valve. Minimum d i f f e ren t i a l  pressure drop across the  valve f o r  accep- 
t a b l e  flow control  was found t o  be 100 psi .  
The flow control  valve was tes ted  f o r  constant flow charac te r i s t ics  
when subjected t o  sinusoidally varying d i f f e r e n t i a l  pressures across the  
valve. The frequency of the d i f f e ren t i a l  pressure change was varied from 
.l t o  20 cps. Flow was found t o  be frequency dependent and t o  increase i n  
deviation from s e t  point w i t h  increasing frequency. 
Three modifications were performed on the valve which resu l ted  i n  i m -  
proving the  dynamic flow control charac te r i s t ics  t o  an acceptable level .  
2. I Flow Control Valves FCV-25 and FCV-26 (Martin Co. No. 88A4100829-003, 
bbni t ro l  NO. ~ / ~ - P c A F & o - ~ .  5) 
Flow Control Valves FCV-25 md FCV-26 were t e s t ed  t o  determine the  
minimum pressure drop across the valve f o r  constant flow. The r e s u l t  of 
the  t e s t  show t h a t  150 p s i  is  the minimum pressure drop across the  valve 
f o r  acceptable flow control  when flow i s  s e t  a t  2.5 a m .  Pressure d i f f e r -  
e n t i a l s  from 200 t o  500 p s i  were used i n  se t t i ng  the  flow a t  2.5 gpm. 
8 
a 
I 
B e  'EST PROCEDURE AND RESULTS 
& 1. Variable Flow Control Valves FCV-1 and FCV-2 
S t a t i c  ---Constant Flow Character is t ics  - The valve was i n s t a l l e d  f o r  
t e s t ing  i n  the  hydraulic system shown i n  Fig. 6, which supplied Nuto 146 
hydraulic o i l  a t  cpnstant pressure and controlled temperature. 
suFplied a t  2900 p s i  and several constant temperatures. 
pressure was varied i n  s teps  between 1-50 p s i  and 2800 psi .  
transducer o sc i l l ogaph  t r ace  def lect ion and the  d i f f e r e n t i a l  pressure 
were recorded f o r  each step. 
valve set t ings,  f l u i d  terqeratures,  and d i f f e r e n t i a l  pressures i s  shown 
i n  Fi;. 7. A l l  data shown was taken a f t e r  valve modification NL). 1. ??le 
r e su l t s  indicate  t h a t  the  s t a t i c  flow decreases with increasing pressure 
d i f f e ren t i e l  and t h a t  the  change i n  flow i s  less pronounced a t  higher 
f l u i d  temperature (and lower viscosity) than a t  low temperature. The 
valve charac te r i s t ics  were not affected by changing the  s e t  point  from 
12 t o  6 a t  range 3. 
flow control  was found t o  be 100 psi .  
O i l  was 
The downstream 
The flow 
The r e s u l t s  of the  t e s t  performed a t  various 
The minimum pressure d i f f e r e n t i a l  f o r  acceptable 
Dynamic Flow Control Characterist ics - The valve was in s t a l l ed  for 
t e s t ing  i n  the hydraulic system shown i n  Fig. 8, which supplied Nuto 146 
hydraulic o i l  a t  constant pressure and control led temperatures. The supply 
I 
pressure t o  the  valve! was 2900 p s i  and downstream s t a t i c  pressure was set 
a t  2400 ps i .  
by connecting a servo valve in p a r a l l e l  with the  back pressure control  
The sinusoidally varying pressure d i f f e r e n t i a l  was created 
valve. The servo valve was then driven with a s ine  wave s igna l  generator. 
This arrangement made it possible t o  impose a dynamic pressure f luc tua t ion  
up t o  +120 - ps i  centered around the 2400 p s i  downstream pressure. 
stream or  susply pressure, downstream pressure, and flow were simultaneously 
Up- 
14037 
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and continuously recorded a t  set dynamic pressure frequencies which 
ranged from .1 t o  20 cps. 
t h e  flow control valve t o  the change i n  d i f f e r e n t i a l  pressure and 
the phase angle between the  change i n  flow and the  change i n  pressure 
d i f f e r e n t i a l  a r e  shown i n  Figs. 9 and 10 f o r  the  stock configuration 
of the  valve and a f t e r  modifications Nos. 2 and 3. Modifications No. 1, 
No. 2 and No. 3 a re  shown In Fig. 11. 
"he r a t i o  of the change i n  flow through 
The r e s u l t s  of t he  t e s t s  show a s igni f icant  improvement i n  the  r e -  
sponse of the  valve f o r  maintaining a constant flow under dynamic 
pressure conditioner. As a re su l t  of modification No. 3, a r e l a t i v e l y  
low and constant value of AQ /AP 
2. 
i s  maintained up through 1 cps. 
3 3  
Flow Control Valves FCV-25 and FCV-26 
Minimum Pressure Drop Test - The valve was i n s t a l l e d  f o r  t e s t i n g  i n  
a hydraulic system which supplied Nuto 146 hydraulic o i l  under control-  
led temperature and pressures. 
was maintained a t  2500 -25 psi .  
pressures of 3000, 2900, 2800 and 2700 p s i  f o r  four t e s t s ,  respectively.  
For each t e s t ,  the upstream pressure was reduced i n  50 p s i  increments 
from the s e t  pressure t o  2600 p s i  and the  flow through the  valve was 
measured a t  each pressure. 
13. 
d i f f e ren t i a l s  less than 150 ps i  across the  valve. 
The pressure downstream of the  valve 
+ o  Flow was s e t  a t  2.5 a m  w i t h  upstream 
The r e s u l t s  of the  test a re  shown i n  Fig. 
The r e s u l t s  show t h a t  flow control  i s  la rge ly  l o s t  a t  pressure 
. -  
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111. HYDR 
(Martin 
E I C  PRESSURE REGULATOR TESTS AND MODIFICATION 
!o. No. 88A4100499-001, Groove No. WH40844) 
A. SWMARY 
Hydraulic pressure regu.lators PRV-1, -2, -3 and -4 were used t o  reduce 
hydraulic pressure from 2900 p s i  t o  2700 p s i  and t o  hold the 2700 p s i  down- 
stream pressure constant under sinusoidally varying flow demand. The 
flow demand frequency ranged between .05 and 20 cps. During t e s t ing  the 
regulator ceased t o  regulate and remained i n  an open posit ion regardless 
of the supply, downstream or dome pressure. Upon disassembly, the diaphragm, 
diaphragm plate ,  and diaphragm spring were found t o  be damaged. 
14). 
(See Fig. 
The malfunction was corrected by adding two more pressure sensing 
holes and two concentric and connecting grooves t o  the diaphragm p la t e  
seat .  (See Fig. 14) 
B. TEST PROCEDURE AND RESuzlTs 
The pressure regulator was i n s t a l l ed  i n  a hydraulic system supplying 
Nuto 146 hydraulic o i l  and used t o  provide a constant pressure source f o r  
system component operation. 
psi .  
pressure. 
the average flow were sinusoidally varying changes i n  flow demand up t o  
approximately 10s of the average flow. 
The supply pressure t o  the regulator was 2900 
The regulator dome was loaded t o  provide 2700 ps i  regulated discharge 
Average flow demands up t o  18 gpm were used. Superimposed upon 
Frequencies used were from .O5 t o  
20 cps. 
During testing, the regulator stuck i n  an open pos i t i t ion  and could not 
be made t o  operate under any combination of system and dome pressures. 
Upon disassembly and inspection of the regulator the diaphragm spring was 
found t o  be deformed la teral ly ,  the  diaphragm p la t e  was bent upward along 
the  edge on one side, and the rubber diaphragm was pinched i n  such a way 
Ex? 14037 
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as t o  indicate  t h a t  it had been extruded downward between the  diaphragm 
p l a t e  and the  diaphgram plate seat. 
location of the  pressure sensing hole i n  the  diaphragm p l a t e  seat and the  
geometry of the  diaphragm plate  showed tha t  a pressure unbalance could 
occur a s  the diaphragm plate  moved up and down such as t o  c rea te  a l a t e r a l  
t h rus t  upon the  plate .  
bend l a t e r a l l y  a s  the  p la te  is  displaced i n  i ts  seat. When the  p l a t e  is 
eccentric t o  i t s  seat: one edge overlaps the  sea t  shoulder such tha t  the  
dome pressure can bend the  edge upward when the  hydraulic pressure is de- 
creased. 
gap between the  p l a t e  and the sea l  shoulder on the  other side. 
lem was corrected by d r i l l i n g  two more pressure sensing holes on the  same 
diameter a s  the  o r ig ina l  sensing hole and spaced such t h a t  a l l  three holes 
a re  symmetrically arranged around the center of the  seat.  A c i rcu lar  
groove was machined in to  the sea t  such t h a t  it connected a l l  t he  sensing 
holes. 
holes t o  in te rsec t  with another concentric c i rcu lar  groove which was 
machined i n t o  the  seat .  
i n  the  hydraulic system. The pressure r e y d a t o r  was used extensively 
following the modification and no fur ther  problems were experienced. 
(See Fig. 14) Examination of the  
This thrust would cause the  diaphdram spring t o  
.It the  same time the  rubber diaphgram i s  extruded through the 
This prob- 
Radial grooves were machined outward from each of the sensing 
The r e s l a t o r  was then assembled and r e ins t a l l ed  
. 
14037 
P 
m 
t 
4 
I 
22 
IV. CAPILLARY VALVE ilE'J?XDPMXNT TESTS 
(Martin Co. No. 88A4100483-0O9) 
A. SUvlMARY 
Capillary Valve CV-1, -2, -3, and -4 was ins t a l l ed  i n  a hydraulic 
system and tes ted  for flow versus opening a t  constant pressure differ- 
e n t i a l  and fo r  flow verslis pressure drop a t  a f ixed set t ing.  
t o ry  t e s t  model valve and two production valves were used i n  the  flow 
versus opening t e s t .  Only the  two production valves were used i n  the  
flow versus pressure drop t e s t .  "he data from these t e s t s  was com2ared 
with calculations f o r  best  theore t ica l  2erformnce and found t o  agree 
very closely t o  theory within the desired range. 
One labora- 
(See Figs. 16 and 17) 
See Fig. 15 for valve configuration. 
23 
B. TEST PROCEDURE AND RJWJU'S 
The capi l la ry  valve was ins ta l led  i n  a hydraulic system supplying Nuto 
146 hydraulic o i l  a t  constant pressure and controlled temperature. 
schematic i n  Fig. 16). 
f o r  a l l  tes t s :  
(See 
The following values and/or tolerances were used 
P1 = 800 $0 psig 
P1-P2 = Desired value 210 p s i  
Flow Set t ing  = Desired value +, .5 gpm 
Flow versus valve opening was measured by opening the valve from the 
closed posit ion i n  one or  one-half tu rn  lncrements, as the case may be, 
and measuring flow a t  each increment. 
was maintained a t  300 510 psi using the  downstream shutoff valve. 
The pressure drop across the valve 
Flow versus pressure drop was measured by adjusting the valve opening 
such t h a t  a d i f f e ren t i a l  pressure of 300 psi  creates  a f l o w  of 5 gpm 
through the valve. 
and the flow was measured. 
i n  100 ps i  increments up through 500 p s i  and the flow was measured a t  
each increment. The re su l t s  of  the t e s t  show t h a t  the capi l lary valve 
conforms t o  the standard laminar flow equation within the range of use 
of the valve. The equation for laminar flow t h r o u  a circular  slot is: 
The different ia l  pressure was then reduced t o  100 p s i  
The d i f f e ren t i a l  pressure was then increased 
where 
Q = flow ( i ~ 3 / s e c )  
P = pressure d i f fe ren t ia l  (psi)  
ER 14037 
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I) = average s l o t  diameter (in.) 
h = thickness (gap) of the s l o t  ( in.)  
p = f l u i d  viscosity (lb-sec/in.*) 
L = length of f low through the s l o t  (in.) 
This equation s t a t e s  t h a t  flow is a function of the cube of the flow gap 
(h) and l inear  with pressure drop. 
ac tua l  flow corresponds well  with theore t ica l  flow vwsus valve opening i n  
the desired range between 1 and 10 gpm. 
Examination of Fig. 16 shows t h a t  
Flows below 1 g p m  are somewhat 
higher than calculated because the calculation does not include the 
following: 
a. Taper tolerance differences between the shaf t  and the sleeve. 
b. Eccentricity tolerance between the shaf t  and the sleeve. 
c. Slight shortening of the flow length (L) through the valve 
as the valve is  closed the  last three turns. 
A l l  of these e f f ec t s  combined r e su l t  i n  increasingly higher than theoret i -  
c a l  flows as the valve is  closed. T h i s  is because the flow gap e r ro r s  
become a re la t ive ly  large percentage of the flow gap which has a cubic 
relationship t o  flow. 
theoret ical  values w i t h  increasing flow. 
i n  the capi l lary valve (other than the capi l lary passage) becoming a sig- 
nif icant  pa r t  of the t o t a l  pressure drop across the valve. Since both 
departures from theory m e  either above or below the range of usage of 
the  valve, these character is t ics  are of no significance i n  the use of 
Flows above 10 gpm become increasingly less than 
Thisis due t o  pressure drops 
the  un i t .  The r e s u l t s  .Jf the flow versus pressure drop test  show good 
agreement with the theory that flow i s  a l inear  function of pressure 
d i f f e ren t i a l  (see Fig. 17). The re la t ive ly  large deviation of flow a t  
100 p s i  pressure d i f f e ren t i a l  probably comes from the  e r ro r  involved in 
reading small pressure d i f fe ren t ia l s  with high range gages. 
14037 
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V. FWAT HEIGH" INDICATING SYSTEM DEVEIX)PMEWT TESTS 
A. SUMMARY 
During Head t o  Head t e s t i n g  two problems were experienced with the 
hydraulic portion of the Float Height Indicating System. It was found 
t h a t  due t o  the highly viscous nature of the o i l ,  the  o i l  l eve l  s ight  
glass (UI-1) had a very slow response t o  changes i n  o i l  l eve l  i n  the 
a i r  spring. 
shutting down, care had t o  be taken t o  close CV-17 (see Fig. lg), before 
It was a l so  found tha t  i n  decreasing the  o i l  pressure upon 
the gas i n  the a i r  spring was los t  through the sight glass t o  the o i l  
cavity under the piston. A i r  spring gas could a l so  be l o s t  at any time 
during operation when the gas pressure exceeded the  o i l  pressure ( f loa t  
seated a t  lower end of piston).  
The former problem was considerably improved by increasing the l i n e  
s ize  between the cylinder and the s ight  =lass from 3/8-in. t o  5/8-m. 
diameter. 
valve t o  a velocity fuse by moving the  poppet spring from the back end 
t o  the front  end of the poppet (see Fig. 18). 
t o  shut off flow i n  the reverse direct ion between 1.4 and 1.8 gpm using 
Nuto 146 hydraulic o i l .  
draul ic  l i ne  between the s ight  g lass  and CV-17 such t h a t  rapid decrease 
of the o i l  l eve l  i n  the sight glass would cause the  valve t o  close. 
valve remains closed u n t i l  no reverse d i f f e ren t i a l  pressure ex is t s  and 
automatically rese ts  i t s e l f  under that condition. 
The l a t t e r  problem was solved by converting a ~ ~ 6 2 8 0 - 8  check 
This arrangement was found 
The velocity fuse was then ins ta l led  i n  the  hy- 
The 
28 
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B. TEST PROCEDURE AND RESULTS 
1. Sight Glass Laq 
The 3/8-in. hydraulic tubing which connected the s igh t  glass t o  t he  
su2port cylinder was removed and replaced by 5/8-in. hj-draulic tubing of 
the  same length and configuration. 
were changed other than f i t t i n g s  which were changed t o  f i t  the  larger  
tube size.  
r e l i ab le  s t a t i c  f l o a t  height reading from t h e  si& glass  and t o  grea t ly  
reduce the  lag between the f l o a t  height and the sight glass reading under 
changing conditions. 
None of t he  conrponents i n  t he  l i n e  
The r e s u l t  of t h i s  change was t o  make it possible t o  ge t  a 
2. Velocity Fuse Development 
A ~ ~ 6 2 8 9 - 8  3000 p s i  hydraulic check valve was converted t o  a veloci ty  
f'use by removing the spring and the poppet from the  valve and r e ins t a l l i ng  
them such tha t  t h e i r  r e l a t i v e  posit ions were reversed i n  the  valve body 
(see Fig. 18). 
u n t i l  the  pressure drop across the poppet i s  su f f i c i en t  t o  overcome the 
force of t he  spring, closing the  valve. 
i n  a hydraulic system supplying Nuto 146 hydraulic o i l  a t  constant pressure 
and 95' F (see Fig. 20). The velocity fuse was t e s t ed  by closing the  dawn- 
stream shutoff valve and applying 1500 t o  2000 p s i  t o  the system. 
shutoff valve was then opened i n  small increments and the flow was measured 
a t  each increment. 
decreased t o  zero pressure, indicating t h a t  t he  fuse had closed. 
fuses  closed between 1.4 and 1.8 a m .  
i n  ihe l i ne  between CV-17 and the  si@ glass such t h a t  f r e e  flow was toward 
the s ight  $lass.  
This arrangement a l l m s  reverse flow t h r o w  the valve 
"he veloci ty  fuse was installed 
The 
The flow was incrementally increased until P2 suddenly 
All 
The veloci ty  fuse was then i n s t a l l e d  
When the  missile is  lowered t o  the  pedestal, t he  air 
spring w i l l  expand u n t i l  the  float bottoms a t  the luwer end of the 
piston. 
pressure, causing the o i l  t o  be forced out of the  sight g lass  a t  a high 
rate, forcing the velocity fuse closed. 
A t  this point, there w i l l  be a sudden decrease i n  hydraulic 
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V I ,  BEARING CONTACT WARNING SYSTEM DEVELOPMENT 
A. SUMMARY 
During Head t o  Head tes t ing  of the  Hydrodynamic Support, the or ig ina l  
Bearing Contact Warning System design w a s  found t o  be not su i t ab le  fo r  
the purpose. 
hydrostatic bearing surfaces would be qu i t e  high as long as separation 
existed. Tests showed, however, t h a t  su i tab le  operation of the bearing 
system with resistances as low as .l ohms was possible. As a r e su l t  of 
t h i s ,  the  e l e c t r i c a l  c i r c u i t  used i n  the contact warning system had t o  
be redesigned such t h a t  its range of resistance measurement was adjustable 
and compatible w i t h  the values t o  be measured. 
It was originally assumed tha t  the resistance between the 
(See Fig 21) 
B. TEST PROCEDURE AND RESULTS 
During Head t o  Head tes t ing  of t he  Saturn V Hydrodynamic Test Stand, 
the bearing contact warning l igh ts  gave almost constant indication tha t  
there w a s  metal-to-metal contact between the hydrostatic bearings. 
Measurements of the gaps between a l l  the  hydrostatic bearings showed 
t h a t  there was suf f ic ien t  clearance between the mating surfaces, To 
resolve t h i s  problem, the resistance between a l l  four pistons and cylinders 
was measured with the piston-cylinder assemblies removed from the  t e s t  
. 
stand. Each assembly sat  upright on the f loor  such tha t  the  piston was 
f r ee  of a l l  external connections and f loa t ing  i n  t he  cylihder. The 
ring bearings were pressurized t o  about 600 p s i  and a supporting o i l  
flow w a s  supplied t o  the  piston capillary.  The pistons were then bounced 
on t h e i r  a i r  springs such that piston-cylinder f r i c t i o n  measurements could 
be made and the e l e c t r i c a l  resistance between the piston and cylinder was 
continuously measured. A l l  resistance measurements were made using a Dc 
EB 14037 
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bridge. The r e s u l t s  of t h i s  test showed t h a t  about .1 ohm bearing 
resistance w a s  a desirable  minimum resistance f o r  su i t ab le  bearing 
performance. It w a s  also found tha t  a band of resistance %noise" was 
superimposed upon the average values of bearing resistance and tha t  t h i s  
"noise" was a na tu ra l  cha rac t e r i s t i c  of the  bearing. 
system w a s  then developed t o  f i t  the new c r i t e r i a  f o r  bearing contact. 
The contact warning 
C. DEVELOPMENT 
The novel development which made the contact warning system opera- 
t i v e  a t  low values of contact resistance is  a spec ia l  transformer which 
e f fec t ive ly  mult ipl ies  impedance. 
For development of the  contact warning system, a bread-board system 
w a s  constructed which simulated the ac tua l  system. Referring t o  Fig 21, 
simulation w a s  achieved by using the equivalent resistance of the 
maximum length and exact wire s i z e  which run from the console t o  the  
bearing transformers located on each pedestal and between the transformers 
and the bearing halves. 
the transformers used 210 feet of wire. 
The w i r e  s i z e  f o r  t h i s  is number 16 gage. The wiring from the  trans- 
formers t o  the bearing halves uses ten f ee t  of number 10 gage wire. 
The shor tes t  wiring run from the console to 
The longest run uses 330 feet. 
A variable  potentiometer was used t o  simulate the  hydrostatic 
bearing resistance.  Before each tes t ,  the  f u l l  s ca l e  adjustment poten- 
tiometer w a s  adjusted such tha t  one milliampere of current passed through 
the meter-relay with zero resistance across the bearing surfaces. The 
simulated bearing resistance was then incrementally increased and the.  
current flow through the  measuring c i r c u i t  w a s  read from the  meter- 
relay a t  each increment. Three turns r a t i o s  f o r  the bearing transformer8 
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were tes ted  and the r e su l t s  are shown i n  Figures 22, 23, and 24. 
r a t i o  of 53 t o  4, primary t o  secondary (Fig 24), w a s  selected due t o  the 
system's sharp cut-off charac te r i s t ics  i n  the desired range of bearing 
resistance and the  lack of s ens i t i v i ty  t o  changes i n  wiring length. A 
capacitor w a s  added t o  the  D.C. output of the r e c t i f i e r  t o  act as a 
f i l t e r  t o  eliminate the noise superimposed on the  ac tua l  bearing resistance. 
A turns 
Any resistance within the range of the resis tance measuring system 
can be selected as a contact warning point by adjusting the high l i m i t  
contact on the meter-relay. 
t o  "make" a t  some value less  than 1 milliampere which corresponds t o  a 
This is  achieved by s e t t i n g  the  contacts 
known bearing resistance as measured during the bread-board t e s t .  When 
the  average current reaches the preset level ,  contact i s  made and the  
events previously described take place. 
I f ,  i n  t he  future, it i s  desirable t o  increase the  range of bearing 
resistance measured by t h i s  system, it can be accomplished by increasing 
the  value of t he  l imiting resis tor .  This allows a proportionally larger 
voltage drop across the  limiting resistor--thus increasing the current 
flow i n  the measuring circui t .  The meter-relay can then be set  f o r  1 ma 
maximum and the  curve shown i n  Fig 24 w i l l  be displaced t o  the  r igh t  a t  
the  lower end. 
D. SYSTEM OPERATION 
The developed system is composed of one subsystem f o r  each of the 
12 bearings, each subsystem detecting the  resistance of a p a i r  of 
mating hydrostatic bearing surfaces. The subsystems are ident ica l  but 
each may be adjusted individually t o  react any point within a range of 
contact resistance. This range extends from about .12 ohm t o  about 
ER 14037 
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i 37 10 milliohms. actuates a respective l igh t  display on the cont ro l  panel. 
contact, a white l i gh t  i s  displayed, identifying by legend the  bearing 
indicated as "clear." A t  the ins tan t  of contact, the white l i g h t  w i l l  
A typ ica l  subsystem is shown i n  Fig 21. 'Each subsystem 
Prior  t o  
be extinguished and a red warning l i g h t  w i l l  appear and remain lit 
regardless o'f subsequent contact resistance level.  
contact resistance again resumes a higher l eve l  than the set c r i t i ca l  
value, the white l i gh t  w i l l  come on again. A t  t h i s  time, both the red 
and white l i g h t s  w i l l  show. 
Thereafter when the 
The operator may then rese t  the warning 
l i gh t  by punching the red l ight  which extinguishes it. Resetting cannot 
be achieved i f  the contact resistance is  s t i l l  equal t o  o r  less than the  
s e t  c r i t i c a l  value. 
F i r s t ,  there is white, i.e., a l l  c lear .  Second, there i s  red, i.e., 
contact ex i s t s  now. Third, there is white and red, showing t h a t  there  
w a s  contact i n  the past, but the bearing is c l e a r  now. 
The three possible indications a re  as follows: 
This operation is achieved by the following (see Fig 21): There 
is a "contact power on and off" control  common t o  a l l  subsysteme. 
supplies 115 VAC t o  each subsystem input transformer. The secondary 
of the transformer applies 6.3 VAC (open c i r c u i t )  normally through a 
limiting resistance across a 53 turn transformer primary. 
turn secondary of t h i s  transformer applies i t s  voltage through shor t  
leads across the two halves of the bearings, 
the primary gives rise t o  a voltage drop across the limiting resistance.  
This voltage is applied through a rheostat  t o  a meter type relay. 
high l i m i t  contact on the  meter-relay operates a p i l o t  relay whose 
normally closed contacts are i n  se r i e s  with the  solenoid of t h e  
This 
The four 
The current flow through 
The 
indicator. 
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The c i r c u i t r y  is so arranged t h a t  when bearing resistance is high, 
the re f lec ted  impedance t o  the primary is very high and minimal current 
flows permitting the w h i t e  l igh t  t o  remain on. 
resistance becomes c r i t i c a l l y  low, the apparent primary impedance is 
a l so  low which increases the current flow i n  the bearing c i r c u i t .  This, 
i n  turn, causes a high voltage across the l imiting res i s tor ,  which 
When the bearing 
causes the high l i m i t  contacts in the meter-relay t o  Yuake." 
through the p i l o t  relay, causes the solenoid PB1 i n  the indicator t o  be 
de-energized, causing the switch t o  l i gh t  the "contact" red l igh t .  When 
the bearing resistance becomes high again, and then by reverse action of 
the p r io r  chain of events, the solenoid i s  energized again, the red 
l i gh t  w i l l  not be extinguished. 
This, 
The solenoid i s  not designed t o  open 
the associated s w i t c h  when re-energized. The operator must  actuate the 
pushbutton t o  e f f ec t  a magnetic locking. 
Note tha t  when power is off, t he  indicator solenoid is de-energized, 
Therefore, on s t a r t i n g  up the  hydro- hence dropping the magnetic latch. 
dynamic support, a l l  bearing indicators show red i n i t i a i l y .  
bearings are separated the white l i g h t  w i l l  appear. 
then be extinguished and the indicator relay latched up. 
As the 
The red l i g h t  may 
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43 i VII. FLOAT SUNK WARNING SYSTEM 
A. SlMMARY 
During the design phase it was found necessaky t o  provide means 
t o  determine whether o r  not the  f l o a t  contained o i l  above a c r i t i c a l  
level .  The environmental conditions d ic ta ted  t h e  use of so l id  state 
devices. The c l a s s i ca l  approach t o  l eve l  indicat ion by heated ther -  
mistors was found unsatisfactory due t o  the overlapping cooling char- 
a c t e r i s t i c s  of o i l  and gas a t  the pressure, temperature and o i l  v i s -  
cosi ty  encountered i n  t h i s  application. However, the h i ther to  un- 
appreciated variable thermal l ag  of the thermistor as a function of 
immersion or  non-immersion was u t i l i zed  t o  produce a workable system. 
B. DEVELOPMENT 
The interface between o i l  and gas i n  the  pis ton i s  defined by a 
bowl which f loa t s  on the  o i l .  
not the bowl contains o i l  above a c r i t i c a l  level.  
It is  necessary t o  determine whether or 
The dynamic condi- 
t i ons  of the environment rule  out the use of mechanical devices, while 
the d i f f i c u l t y  of replacement demands devices of high r e l i a b i l i t y .  
This led t o  the selection of a thermistor l eve l  sensing system with a 
proven, high r e l i a b i l i t y  index. 
the pressure, temperature and viscosi ty  conditions. 
The manufacturer took no exception t o  ’- . +  
The device consists of four ident ica l  so l id  state amplifiers. Each 
furnishes a constant heating current through i ts  thermistor. 
voltage drop i s  then essent ia l ly  a function of both the current and the  
The resu l tan t  
res is tance of the thermistor. If the thermistor is  i n  o i l ,  t he  thermistor 
in air it quickly reaches a temperature 
suf f ic ien t ly  high that the voltage drop 
son value and a switchover takes place, 
"FLOAT" display. 
The commercial uni t  worked w e l l  un 
44 
remains r e l a t ive ly  cool, i t s  resistance remains r e l a t ive ly  low and the 
voltage drop across it remains wel l  below a bu i l t - i n  comparison value. 
When t h i s  comparison value is  not exceeded the i n i t i a l l y  displayed 
"SUNK" indication remains lighted. Conversely, when the thermistor is  
and, hence, a resis tance l eve l  
across it exceeds the compari- 
changing the "SUNK" t o  a 
er standard atmospheric condi- 
t i o n s  with a voltage drop at switchover of about 1.69 v. When o p r a t e d  
i n  3000 p s i  nitrogen gas the voltage drop rose t o  a mean of 3.44 volts,  
typical ly .  This value was considerably above the comparison value and 
caused an erroneous SUNK" indication. 
and new resis tances  were ins ta l led  t o  provide a new reference voltage 
of 3.7 oh. 
t h e  3.44 vo l t  mean. 
rose t o  4.4 vol t s  mean. 
3 sigmas from 3.7 vol t  comparison level .  
covered tha t  while the i n i t i a l  submersion of the  thermistor produced a 
"SUPJK" signal, t h i s  signal could be maintained only i f  the thermistor 
were i n  ag i ta ted  o i l .  When both the  thermistor and the  o i l  were held 
s t i l l ,  the thermistor soon surrounded i t s e l f  with a heated s h e l l  of o i l .  
The high viscosi ty  of the o i l  prevented convection currents and the  ther-  
New voltage reference zeners 
This leve l  is more than 3 sigmas from the dis t r ibut ion about 
On the  ins tan t  of submersion the thermistor voltage 
The d is t r ibu t ion  about t h i s  mean was more than 
A t  t h i s  point it was d is -  
. 
mistor assumed temperatures actual ly  higher than those occurring i n  the 
unsubmerged condition. Hence, an erroneous "FIX)AT" s ignal  was produced. 
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A t  t h i s  juncture the manufacturer provided no solution. 
Martin proceeded with the  development of a system based on t h e  observation 
that  the time t o  c r i t i c a l  temperature fo r  a non-immersed thermistor is  
subs tan t ia l ly  shorter than for one that  is  immersed. 
the same t i m e  t h a t  with the proper heating current values a t  very low 
temperatures, say below 60° F, a submerged thermistor never reaches the  
c r i t i c a l  temperature and therefore operates a s  designed. Obversely, a t  
temperatures a t  about 1300 F the time t o  c r i t i cd tempera ture  f o r  sub- 
merged and non-submerged thermistors i s  very close, on the  order of 0.5 
sec. 
However, 
It was r ea l i zed  at  
C. TEST PROCEDuRe 
A ra ther  large number of development t e s t s  were made in t he  normal 
The following is  typical:  temperature and pressure range of operation. 
A sensor was f ixed near the bottom of a pressure vesse l  which was 
half  f i l l e d  with o i l .  Power was applied t o  the sensor simultaneous with 
the start of a timer. 
by the equipment now in the Hydrodynamic Support. 
The time t o  reach c r i t i c a l  voltage was indicated 
Measurements were 
made a t  3OOO ps i  and a t  atmospheric pressure. 
group was made in oil and one group in air. 
10 measurements. 
by tumbling the  container, prior t o  power application. 
For each pressure one 
Each group consis ted of 
Immersion and non-immersion were made a l t e rna te ly  
A 1 minute 
pause was made between t e s t s .  
14037 
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The following data were obtained: 
Time t o  Cr i t i ca l  Temperature (second) 
Atmospheric 
Pressure 
Sensor t o  a i r  
Sensor i n  o i l  
A s i m i l a r  
Mean Range Mean Range 
1.74 1.78 1.86 1.95 
1.69 1.80 
5.67 5.71 
6.67 
8.10 
5-57 6.20 
t e s t  a t  120' F produced the following data: 
Time t o  Cr i t i ca l  Temperature (second) 
Sensor i n  a i r  
Sensor i n  o i l  
From the above 
Atmospheric 
Pressure 
3000 PS% 
Pressure 
Mean Range Mean Range 
1- 93 a.08 +0*09 (4 
2.01 
-0.07 4.1 
3.01 a.07 +0.08 
3.09 
-0.06 (b) -0.07 
an operating parameter was developed so t h a t  there  is 
less than a 0.001 chance of error .  
M a x i m  time (second) sensor i n  a i r :  2.15 sec (from condition 
(a) above. 
Minimum time (second) sensor i n  o i l :  2.92 sec (from condition 
(b) above. 
14037 
I 
I 
47 
The timers which a c t  as the  discriminant elements are of the +1.5$ 
No signif icant  deterioration of the c i r c u i t ' s  a b i l i t y  t o  dis -  variety. 
criminate between the two conditions need be expected as a function of 
the balance of the  circui t ry .  
VERIFICATION TEST: 
After numerous informal tests which yielded favorable resul ts ,  the  
as-delivered configuration was t e s t ed  using the interrogat ion mode. 
Correctness of the answers, "FLOAT" or "SUNK" was judged by the  per- 
formance of the  hydraulic parameters. 
Sunk System were correct i n  a l l  cases. 
The answers given by the Float 
Number of 
Groups 
9 
1 
1 
1. 
4 
1 
3 
1 
Interrogations 
Per Group Result 
3 Sunk 
3 Sunk 
3 Sunk 
3 Sunk 
3 Sunk 
3 Sunk 
3 Sunk 
20 Float 
Interval  
Between 
Interrogations 
Seconds 
60 
45 
45 
45 
45 
45 
30 
60 
System 
Temperature 
(OF)  
110 
110 
108 
108 
106 
104 
103 
103 
I 
It was noted t h a t  during severe agitation, such as evacuation of the 
f l o a t  by the  purge system, t h e  cooling of the thermistor by high veloci ty  
nitrogen will cause erroneous reading of "SUNIC. " 
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